A grinding operation worker at an automobile engine plant was physician-diagnosed with sinusitis. His main job was to grind the inner parts of camshafts for automobile engines using water-soluble metalworking fluids (MWF). He has conducted only this work since he was employed on March 1988. He has no disease history including respiratory diseases.
Workers Union also claimed that many workers might have similar work-related symptoms and requested an epidemiological study to find the cause of sinusitis. Health effects that have been associated with exposure to metalworking fluids (MWF) include dermatitis, respiratory health effects, and increased mortality form a variety of cancers. Although exposure to MWFs is associated with respiratory diseases such as asthma and hypersensitivity pneumonitis (HP) [1] [2] [3] , no study has reported that sinusitis could be developed through exposure to MWF. Water-soluble MWF, which are emulsions of mineral oil and water, are well known to be an excellent environment for microbial growth. It usually contains a variety of additional materials, including emulsifiers, biocides, extremepressure agents, antifoaming agents, corrosion inhibitors, caustics to maintain high pH, colorants, and odorants. Workers handling water-soluble MWF in this workplace could be exposed to several chemical and biological agents that might associate with the development of respiratory diseases. Our study hypothesized that the outbreak of sinusitis might be associated with exposure to micro-biologically contaminated MWF mist generated during grinding operations. This assumption was taken from the results of several studies conducted in environment other than MWF using workplaces, which determined that most cases of sinusitis were caused by bacterial and fungal infections [4] [5] [6] [7] [8] [9] [10] .
The ultimate goal of this study is to suggest the causative agent that can relate to the development of sinusitis based on industrial hygiene investigation. The specific objectives are 1) to assess exposure to chemical and biological agents that could associate with the development of sinusitis in grinding operations utilizing water-soluble MWF and 2) to compare the prevalence of the nasal cavity symptoms among operations.
Methods

Study Plant and Casting Operation
The study plant manufactures cylinder linings (CL) and camshafts (CS) for automobile engines, and consists of casting and production lines where they are separated. Casting is the pouring metal from furnace into a cavity formed in a mold for CL and CS. After the primary pattern of CL and CS cools and freezes, the mold is taken to a shake facility, where the molding media is removed. The castings for CL and CS are cleaned by chipping and grinding. The products cleaned in the casting line are sent to the production line located at another building. CL and CS are machined and grinded at grinding operations there where MWF are utilized. We did not monitor worker's exposure to potential hazards in casting line.
Grinding operation and grinding Fluids
In grinding operation of production line, the inner outer part of CL and CS are grinded with MWF. The grinding fluids are straight MWF for the inner parts of the products, and water-soluble MWF for the outer parts of the products. According to Material Safety and Data Sheets (MSDS), water-soluble MWF was composed of amine (<15 %), paraffinic base oil (<40 %), and water (> 40 %). Straight MWF contains about 95 % mineral oil and a few additives. It was impossible to get specific information about ingredients contained in MWF from MSDS to identify responsible agents for sinusitis. One worker who was physician-diagnosed with sinusitis has handled water-soluble MWFs in grinding operation.
The grinding operation of the production line was chosen as subjects for detailed evaluation of operation characteristics and quantitative exposure assessment because MWFs utilized is known to be associated with respiratory health effects. Exposure assessment in the casting operation of the production line was excluded from this study.
MWF bulk collection and exposure assessment
Industrial hygiene investigation was conducted twice, on February 19-22, 2002 and March 20-21, 2002 . One fluid sample from each sump was taken and placed into a 50-mL sterile, tissue-culture grade, centrifuge tube (Fisher Scientific cat. #05-538-55) from a flowing stream at the cutting points of each machine, while the circulation system was in operation.
The MWF samples were then brought to the laboratory in a refrigerated container.
Exposure to chemical agents (MWF mist, formaldehyde, metals and particulate) and biological agents (bacteria, fungi and endotoxin) were assessed from the breathing zone of the representative workers present at the production line including grinding operation. Area samples were collected where necessary. Bulk collection of and exposure to endotoxin, bacteria and fungi were conducted both 1 st and 2 nd round.
Chemical agents collected in the 1st round were all measured using the sampling and analytical methods recommended by National Institute for Occupational Safety and Health
. The endotoxin concentrations were quantified using the Kinetic A collection and analysis of airborne micro-organisms, such as viable bacteria and fungi, was conducted using the CAMNEA method recommended by Palmgren et al. 12) .
A 10 fold serial dilution of the suspension fluid in phosphate buffered saline was used, and 0.1 ml of the diluted sample was plated on a Trypticase Soy Agar for aerobic bacteria and a Malt Extract Agar for fungi. The plates were incubated for 48 hrs at 35 °C (for bacteria) and 4 days at 35 °C (for fungi). They were then counted.
Questionnaire and study population
In contrast to exposure assessment that evaluated only grinding operation, a total of 232 workers who have worked in production line as well as office were invited to participate in the questionnaire and were completed with help of trained interviewers. They were asked to report individual characteristics such as age, sex, smoking habits, as well as their work and disease history both at the plant and before employment there. Nasal cavity symptoms that they were asked to report were nasal obstruction, anosmia, itching, epistaxis, rhinorrhea, paranasal disease and headache. Exposed group (N=75) was defined as all workers at the grinding workshop who had been exposed to MWF (water-soluble or straight). The unexposed control group (N=157) consisted of subjects selected from other operations where MWF was not used and was further divided into three groups (casting, maintenance and office).
Statistical analysis
The data were analyzed using the statistical software packages Statistica, SPSS Inc., (City, USA). A Chi-square (χ2) test was performed to examine the difference of dichotomous variables such as sex, smoking status, medical history and nasal cavity symptoms among operations. Multiple comparisons were used to identify continuous variables such as age, working duration and accumulated smoking among operations among operations.
Results
Exposure toMWF mist, formaldehyde, elements and particulate
Exposure to oil mists of workers who had handled only water-soluble MWFs ranged from 0.59 to 2.12 mg/m 3 with an geometric mean (GM) of 1.09 mg/m 3 . In particular, two workers using water-soluble MWF in grinding operation were exposed to higher than 2 mg/m 3 . Geometric standard deviation (1.55) and straight line of Figure 1 indicated that grinding operators handling soluble MWFs could be defined as similar group with homogeneous exposure characteristics.
The MWF aerosol concentration measured in the area where the worker diagnosed with sinusitis was standing, was 8.4 mg/m 3 . The average exposure to MWF oil mist by workers using only water-soluble MWF was higher than that by workers handling straight MWF or both types of MWF (Table 1 and . Exposure to other chemical agents such as formaldehyde, elements and particulates were far lower than TLV of ACGIH 14) . Therefore, substantial evidences that could adversely affect the respiratory systems of workers were not detected.
Exposure to bacteria, fungi and endotoxin
Exposure to bacteria, fungi and endotoxin evaluated in the 2 nd round investigation were far higher than those in the first investigation as temperatures in sumps and air humidity increased. During a second round investigation, 13 workers using water-soluble MWF were exposed to bacteria in the range of 1.9x10 2 -4.4x10 3 CFU/ . There were 4 workers who were exposed to levels higher than 4 x10 3 CFU/ . Exposure to fungi were lower than 10 3 CFU/ . Exposure to endotoxins in the second investigation ranged from 1.9x10 2 EU/ to 1.2x10 4 EU/ and showed an increase when compared to the first investigation.
Average exposure to endotoxin greatly exceeded 45 EU/m 3 of the occupational exposure limit proposed by National Health Council of Netherands 15)
.
Concentration of bacteria, fungi and endotoxin in sump
In spite of winter with relative low sump temperature compared to other seasons, concentration of bacteria, fungi and endotoxins measured in sumps with soluble MWF indicated that all water soluble MWFs were badly contaminated with microbes (Table 2) .
Like airborne concentration, microbe concentrations of sumps measured in the 2 nd round were far higher than those in the 1 st round due to the increased temperatures in sumps.
Microbes and endotoxin concentration of this study were collected during winter with low temperature. Higher microbe concentrations in both air and sumps could be expected during seasons with high temperature.
Questionnaire and medical examination results
The general characteristics of the 232 subjects are shown in Table 3 . The four operations did not differ with respect to their general characteristics except for smoking status (p=0.009) and disease history (p=0.008). The prevalence of reported symptoms related to nasal cavities also showed no significant differences among the operations as shown in Table 4 . The prevalence rate of nasal obstruction and rhinorrhea was higher than those of other diseases. The etiology of sinusitis that the symptoms of nasal obstruction and nasal discharge 4) are prominent, was similar to the results of this study as shown in Table 4 .
Based on the questionnaire, a Chi-square (χ2) test found that the prevalence of paranasal sinusitis, or nasal polyps among operations was not significantly different.
Discussion
According to NIOSH 13) , concentrations of MWF aerosols should be kept below 0.5 mg/m 3 of REL when possible because some workers have developed work-related asthma, HP, or other adverse respiratory effects when exposed to MWF at lower concentrations.
Roughly a two-to-sevenfold increase in the risk for various respiratory symptoms has been associated with mean MWF aerosol exposures ranging from 0.22 mg/m 3 (inhalable fraction) to 0.55 mg/m 3 (thoracic fraction) 13)
. Our study found that the exposure range of MWF mist (0.59 mg/m 3 to 2.12 mg/m 3 ) measured in the grinding operations of the production line exceeded 0.5 mg/m 3 of NIOSH-REL 13) .
An worker diagnosed with sinusitis had managed grinding operations using three sumps including water-soluble MWFs since he was employed on April, 1988. After he ground the products in two water-soluble MWFs, he again manually placed them into open watersoluble MWF tanks (it is called cleaning tank) for about 10 minutes, and then removed them. This work was done to protect against the corrosion of the camshafts for the engines.
This worker, in particular, did more of this type of work than other workers who managed grinding operation with one or two sumps. A member of the case patient group would have far greater chances of handling or being exposed to MWF than other workers. This patient's exposure to environmental agents could not be assessed because of his refusal. The concentrations of MWF mist and particulates measured in this area where this patient worked were 8.4 mg/m 3 and 11.2 mg/m 3 , respectively, which were the highest. The concentration of endotoxin measured in cleaning tank was as high as 35,000 EU/mL. The concentration of MWF in sumps where the patient was in charge of ranged 4.5 % to 5.2 %, which was higher than 3 % recommended by MWF manufacturer 13) . Based on typical working tasks of patient and quantitative or qualitative exposure assessment, patient's exposure to MWF mists could be high.
Some evidences that could indicate overexposure to microbiologically contaminated MWF mist in the grinding operation in the past were observed through this investigation.
First, the grinding operation characteristics with high rotating speed can generally make the dispersion of MWF mist into air high. Despite local exhaust ventilation and enclosing facility have to be installed to protect the dispersion of MWF mist into air or breathing zone of worker in grinding operation, facility record showed that individual local exhaust ventilation was installed at each sump on October 1994. Five of 20 local exhaust ventilation installed in grinding machine (25 %) were stopped at the time of the investigation because of poor management. Even emissions exhausted from local exhaust ventilation were not ventilated outside because the exhaust duct was placed inside the work area.
Second, local exhaust ventilations and enclosing equipments that were operating in grinding operation was also investigated to be not enough to capture or enclose MWF mist generated from grinders. There was also no ventilation for replacement fresh air supply from an outdoor source.
Third, no sumps had MWF circulation system with devices such as filters, chillers, air floating devices to protect the contamination of MWF in sump. Tramp oil floated in most of sumps was observed.
Finally, there was no standard for sump management in grinding operation. The machine of grinder was operated independently, each with its own circulation system and sump.
MWF maintenance including refilling or replacement of fresh fluid was usually carried out by individual machine operators. About 2-3l of a 20:1 dilution of bulk MWF with water was added each day to make up for any loss due to evaporation as a result of not changing the fluid. The machine systems in all sumps were shut down when the machines were not in use. Due to these poor managements of MWF use, soluble MWF were badly contaminated with microbes as shown in Table 2 . The concentration of bacteria, fungi and endotoxin measured in sump indicated MWF management status was extremely poor.
Evaluation on engineering measures to control exposure to MWF mist, sump management and typical working tasks indicated that higher exposure to MWF mist and microbes during grinding operations might be occurred, although little is known about the factors that can cause the development of sinusitis in MWF-exposed workers. Not surprisingly, several researchers have already suggested that some respiratory health effects seen in MWF mist exposed workers may be related to contaminating microorganisms, or their by-products (such as endotoxins, exotoins, and mycotoxins) [16] [17] [18] [19] .
Community based study or case study indicated that fungi or bacteria is known to be one of the most important causes of allergic diseases such as bronchial asthma, allergic rhinitis and sinusitis [4] [5] [6] [7] [8] [9] [10] . However, studies concerning the outbreak of sinusitis due to occupational exposure to soluble MWF are sparse. According to Dykewicz's study, the etiology of sinusitis that the symptoms of nasal obstruction and nasal discharge are prominent. Those medical conditions are similar to the results of this study. Our study found that many workers not only production line, also casting line reported similar symptoms. On the contrary, the prevalence of nasal obstruction (42.7 %) at production line where MWF was not used was little higher than that (37.3 %) in production line (Table 4) . Unfortunately, we
were not able to monitor the exposure to environmental agent that may cause development of sinusitis in casting operation and to examine the plausible reason why the prevalence of nasal obstruction and rhinorrhea was high at production line as well as casting line.
Our study results indicated that exposure to endotoxin, bacteria and fungi was found to be higher than those reported by the following studies that reported respiratory health effects. departments were found to be far lower than our study results (Table 1 and Table 2 ).
Rosenman et al. (1997)
21) concluded that workers exposed to emulsified machining coolants were more likely to have chronic bronchitis; to have visited a doctor for shortness of breath and to have visited for a sinus problem. According to their study result, the percentage of workers who exposed to water-soluble MWFs and responded that they visited doctor for sinus problems was 37.3 %(emulsified), 42.9 %(semi-synthetic) and 48.1 % (synthetic), respectively, which is significantly higher than that 29.4 % responded by workers exposed to straight MWFs. Kreiss et al (1997) 22) concluded that a risk exists for the granulomatous lung disease where water-based fluids are used and unusal microbial contaminants predominate through a workshop discussing eight clusters of HP in the automotive industry among MWF-exposed workers. The concentration of MWF oil mist that measured in the eight plants with physician-documented cases of HP ranged from 0.01 mg/m 3 to 1.17 mg/m 3 , which is lower than the results of this study (Table 1 and Table 2 ).
Bracker et al. (2003) 23) reported that in MWF using plant where thirty-five workers were
given a clinical diagnosis of HP, exposure were found to be 16.625 EU/m 3 for endotoxin, 9.3 x 10 2 CFU/m 3 for bacteria, 3.94 x 10 2 CFU/m 3 for fungi and 0.09 mg/m 3 for MWF mist, respectively. These exposure concentrations were also far lower than the results of this study (Table 1 and Table 2 ).
It could be very difficult work to identify the specific agents for a certain health effects like sinusitis because no one type of MWF or any specific component of MWF has been identified as the causal agent in MWF health effects. Our findings suggested that repeated exposure to MWF mist including generated in grinding operation utilizing water-soluble MWFs may cause respiratory diseases like sinusitis or at least may trigger the exacerbation of allergic rhinitis or rhinitis and paranasal sinusitis.
The range of personal exposure to MWF oil mist measured in grinding operation where one worker physician-diagnosed with sinusitis had grinded the inner parts of camshafts for automobile engines using water-soluble MWF for 14 years greatly exceeded 0.5 mg/m 3 of NIOSH-REL. Our study also found that exposure to bacteria, fungi and endotoxin during grinding operations were found to be higher than the results reported by several other studies on respiratory effects. Our findings suggested that repeated exposure to MWF mist 
